.
Hepatitis A antigens
The Milan antigen (also referred to in the past as Epidemic-Hepatitis-Associated-Antigen), detected by gel diffusion in the serum of a large proportion of patients during the acute phase of hepatitis A (Del Prete et al., 1970) , has since been shown to be a serum lipoprotein, possibly abnormal and lacking specificity for type A hepatitis (Taylor et al., 1972) . In other studies, Ferris et al. (1970) (Ferris, 1972) . Further studies of this antigen are required.
Studies of hepatitis A by electron microscopy
Attempts to demonstrate the hepatitis A virus by electron microscopy have not been successful. The significance of coronavirus-like and paramyxoviruslike particles found after negative staining and electron microscopy in the sera of a number of patients with hepatitis (Zuckerman, Taylor and Almeida, 1970; Deinhardt et al., 1970; Sirtori, 1970; Apodaca et al., 1970; Zawrocka-Wrzolkowa, 1972; Stannard et al., 1973) remains unknown. Coronavirus-like particles were found by Becker and Larsson in 22 serum specimens from fourteen patients with hepatitis, in nine of whom hepatitis B antigen was also detected. The virus-like particles possessed a characteristic fringe of surface projections, but these were not club-shaped as in the case of the coronaviruses and a ribonucleoprotein helix could not be demonstrated. The majority of the particles were provisionally classified as fragments of inner mitochondrial membrane and may in fact be membrane vesicles (Zuckerman, 1973) . Stannard et al. (1973) studied by electron microscopy the distribution of the morphological types of hepatitis B antigen in the plasma of fifty apparently healthy blood donors, in whom the antigen was detected by counter-immunoelectrophoresis during routine screening, and also in serial samples from two patients with hepatitis B infection. Hepatitis B antigen particles were found in forty-seven out of the fifty blood donor samples and in both patients with acute hepatitis B. In addition, large particles resembling coronaviruses or paramyxoviruses were found frequently in most of the blood donor samples and in both patients. These coronavirus-like particles usually appeared in clusters apparently linked by antibody. All three seropositive donors in whom the antigen was not visualized by electron microscopy also had these particles in their plasma. It was noted that whatever the nature and significance of the large particles it may be important that they were not only seen frequently, often in aggregates, but they were also commonly seen in small numbers in many of the plasma samples obtained from apparently healthy carriers of hepatitis B antigen.
However, in the absence of other markers and particularly until specific serological tests have been carried out, it is not possible to ascribe any definite role to members of the coronavirus group in human hepatitis. None of the observations reported to date prove that the coronavirus-like structure visualized by electron microscopy are specifically associated with or are causally related to hepatitis A, and it may well be that such particles are fragments of cell organelles arising in the course of liver damage, including hepatitis B infection (Zuckerman, 1972 Stern, 1972) . Primary cytomegalovirus infection is followed by persistent latent infection.
The outstanding pathological changes observed in all forms of the infection are the presence of greatly enlarged inclusion-bearing cells which are pathognomonic of the disease. The inclusions are located primarily in epithelial cells but may also be found in endothelial and connective tissue cells. In the generalized disease, hepatitis is usually present and the liver is grossly enlarged. The cytomegalic inclusion cells are found in the epithelium of the small bile ducts but these may be sparse when there is severe hepatitis. Necrotic foci, degenerate hepatocytes, biliary stasis and multinucleated giant hepatic cells may be present. There is usually heavy cellular infiltration of the portal tracts, but this varies with the severity and duration of liver involvement; fibrosis may be present (Taylor, 1970) .
Most primary infections with cytomegalovirus are subclinical, yet this virus may cause dysfunction of the liver at all ages. However, the most severe and most clearly defined clinical syndrome, although also the least common, is neonatal cytomegalic inclusion disease. This syndrome is usually the result of a primary, subclinical or mild clinical infection of the mother with cytomegalovirus during pregnancy. The important clinical features, presenting at birth or shortly afterwards, include jaundice, thrombocytopenia, hepatosplenomegaly, haemolytic anaemia and evidence of brain damage which may be associated with microcephaly. About a third of the cases present as neonatal hepatitis (Stern, 1972) with jaundice of the obstructive type appearing usually within 24 hr of birth. The jaundice may persist for a number of weeks or months and hepatomegaly is invariable.
Milder forms of the neonatal disease are much commoner, presenting with symptoms which include low birth weight, jaundice, hepatosplenomegaly, purpura and pneumonitis, with or without involvement of the central nervous system. Acquired cytomegalovirus infection up to the age of about 5 years is of the chronic type, although in most cases it is probably subclinical. Abnormal liver function tests, including hepatomegaly, have been noted in apparently healthy children excreting cytomegalovirus in the urine or in the throat (Hansaw et al., 1965; Stern, 1968) . Occasionally liver dysfunction may be found in association with a febrile illness, with or without transient jaundice, in a child with recent serological evidence of infection with cytomegalovirus. There is, however, little evidence that cytomegalovirus infection acquired in early childhood leads to chronic liver disease in children (Stern, 1972) . EB virus Dunnet (1963) remarked that 'hepatitis occurs in practically every case (of infectious mononucleosis) and probably should now be regarded not so much as a complication as part of the syndrome of infectious mononucleosis'. The aetiological role of EB virus (human herpesvirus 4) in the pathogenesis of infectious mononucleosis is gaining wide acceptance. The evidence obtained from the results of recent prospective studies has been summarized by Evans (1972) As far as the liver is concerned, the degree of hepatocellular damage is unrelated to the severity of the infection. Clinical jaundice is present in 5-15% of patients. Histologically, the most prominent finding is infiltration of the sinusoids and portal tracts with large mononuclear cells. The sinusoids and portal tracts may be packed with leucocytes and lymphocytes simulating leukaemic infiltration. Necrotic lesions tend to be focal, there is no surrounding inflammatory cell reaction and there is evidence of proliferation of the Kupffer cells. Intense regeneration of hepatic cells follows and this is out of proportion to the extent of cellular necrosis. Cirrhosis of the liver is not a complicating sequel of infectious mononucleosis.
Rubella virus
Clinically, rubella is a mild infection and its importance lies in the congenital malformations which may result from infection of the mother during the first trimester of pregnancy. Cooper et al. (1965) estimated the incidence of hepatitis in the expanded congenital rubella syndrome, which followed the 1964 epidemic, to be about 20 %. The severity of the hepatic lesions in congenital rubella varies from focal necrosis in infants with clinically inapparent liver disease to jaundice and massive hepatocellular necrosis. Giant-cell hepatitis has been described in some patients and portal fibrosis and severe cholestasis in others. The prognosis of rubella hepatitis is difficult to evaluate at present. There may be complete resolution of the hepatic lesion and only mild hepatic changes have been reported in the liver of a few infants who died early in the postnatal period.
However, rubella virus may also be a cause of cirrhosis of the liver in childhood (Watson, 1952; Stern and Williams, 1966; Sherlock, 1968 ). There may also be an aetiological association between some cases of biliary atresia and viruses, such as rubella virus, which are capable of causing hepatitis in utero (Strauss and Bernstein, 1968 Mosley (1970) and by Zuckerman (1970) .
